The effect of strain due to lattice mismatch and of ferromagnetic (FM) exchange field on su- 
I. INTRODUCTION
Hybrid superconductor-ferromagnet (SC-FM) structures have generated a considerable amount of interest in recent years as these provide model systems to understand the antagonism between superconductivity and ferromagnetism 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 .
A rich variety of phenomena such as π-phase shift 1,2 , triplet pairing 2,3 , field enhanced superconductivity 4, 5 , domain wall superconductivity 6 and enhanced flux pinning 7, 8, 9, 10, 11 etc.
have been reported in SC-FM structures. An important issue that needs to be considered while addressing the physics of SC-FM-SC and FM-SC-FM heterostructures is the difference in the crystallographic structure and the degree of strain in the top and bottom SC or FM layers, and interdiffusion at interfaces which could impart different physical properties to the top and bottom layers. The other issue related to the physics of SC-FM junctions is the choice of materials. Thus far most of the studies in this area have been carried out on heterostructures of elemental superconductors such as Pb and Nb made in conjunction with 3d transition metal ferromagnets 4, 6, 11, 12, 13, 14 . It is expected that the competition between the SC and FM orders will have a different flavor if hard superconductors characterized by a short coherence length and large magnetic penetration depth are used. The nature of 2 magnetic layers is also not less important as field enhanced superconductivity and vortex pinning depend greatly on the domain structure and dynamics of domain wall motion in the magnetic layer 10 .
Here we report investigations of domain wall superconductivity, flux pinning and granularity issues in a strongly type-II superconductor placed in close proximity of a magnetic thin film. The system investigated consists of a bilayer of A1 phase (fcc) or L1 0 phase (fct) CoPt ferromagnet and NbN (rocksalt) superconductor grown on MgO (001). NbN and
CoPt were chosen as constituents of the SC-FM bilayer since their respective superconducting and magnetic properties can be modified in a controlled way by altering the deposition conditions 21, 22, 23 . Two different bilayer systems with reversed deposition sequence have been investigated to address superconductivity and magnetism vis-a-vis crystallographic structure and exchange field-induced proximity effects. We note that while the lattice mismatch has a minor effect on superconductivity of the bottom NbN layer in CoPt-NbN/MgO system, in the NbN-CoPt/MgO bilayer it makes the NbN film to adopt a strain-induced granular structure, which has interesting repercussions on its superconducting response. We see a small but distinct enhancement in the low-field critical current density (J c ) of the CoPt-NbN/MgO 3 bilayer when the CoPt has perpendicular magnetic anisotropy.
II. EXPERIMENTAL
The CoPt-NbN/MgO and NbN-CoPt/MgO bilayers with 50 nm thick CoPt and NbN layers in each case were deposited on (001) MgO in the temperature range of 600 to 700 0 C by pulsed laser ablation of Nb and CoPt targets in 99.9999 % pure nitrogen environment. A distinctly different magnetic state of the CoPt is realized when the deposition temperature is elevated from 600 to 700 0 C. At the lower temperature, the CoPt is in the disordered fcc phase (A1) with in-plane magnetization whereas, at 700 0 C it acquires the ordered L1 0 structure with out-of-plane magnetic anisotropy 20 . Further details of CoPt and NbN growth have been reported earlier 21, 22, 23 . The crystal structure of bilayer films was investigated by X-ray diffraction (XRD) measurements performed on a θ -ω diffractometer with CuK α1,α2 radiation. The surface topography of the bilayers was analyzed using high resolution scanning electron microscopy (SEM), which showed a smooth morphology for the CoPt-NbN/MgO system but a granular structure with typical feature size of 75 to 100 nm in NbN-CoPt/MgO bilayer. Measurements of AC susceptibility were performed with a Hallprobe-based ac susceptometer, which is described in detail elsewhere 24 . For measurements of magnetoresistance and critical current density (J c ), samples were processed using standard photolithography and Ar + ion milling to produce 500 µm long and 160 µm wide bridges.
After removing the photoresist, silver pads for electrical contact were deposited in a fourprobe configuration by thermal evaporation. The resistance of the samples in the flux flow regime was also measured as a function of the angle φ between the applied magnetic field and film normal. While the angle in these measurements was changed in a step of 2 degree, the field always remained orthogonal to the current direction. A commercial magnetometer (Quantum Design MPMS-XL5) was used for measurements of in-plane and out-of-plane isothermal magnetization above and below the superconducting transition temperature of the bilayers.
III. RESULTS AND DISCUSSION
A. Bilayers with in-plane magnetic anisotropy
In Fig. 1(a) we have plotted the temperature dependence of resistance of the two bilayers, For inhomogeneous superconductor with distinctly different intergrain and intragrain critical currents, the χ ′′ peak generally splits into two components each corresponding to peak dissipation in superconducting grains and in intergranular material 25 . The fact that we do not see two distinct peaks in the χ ′′ data for NbN-CoPt/MgO system suggests insignificant suppression of the order parameter in the intergrain material of the NbN layer. However, the 6 overall suppression of T c seen here compared to the T c of the bilayer where NbN is deposited first, seems to indicate a perturbation of the electronic structure by stress or chemical doping which lowers the critical temperature. In order to address these issues, we have undertaken X-ray diffraction studies of the bilayer films. This can be understood in the following way. During the growth of the 50 nm thick NbN using the deposition conditions mentioned before, the bottom CoPt layer gets annealed for roughly about 7 -8 minutes, which leads to a better ordering of the structure as evidenced by the enhanced intensity of (200) reflection of the A1 phase (see Fig.2 patterns 'a' and 'b').
This observation is consistent with previous studies on CoPt system which reveal that the 600 0 C deposited films consist of only the fcc phase and their coercive field increases with the duration of postdeposition annealing 22 .
The isothermal resistance of the samples in the normal state (20 K) when a dc field aligned parallel to the plane of the film and directed perpendicular to current was scanned between + 3.5 kOe and -3.5 kOe is also shown in Fig. 4 . Arrows in the figure mark the increasing and decreasing branches of the field. For the CoPt-NbN/MgO bilayer ( Fig. 4(a) ) upon reducing the field from 3.5 kOe, where the magnetization reaches saturation and the sample is presumably in a single domain state, the resistance decreases smoothly with field, i.e., dR/dH is positive. This behavior gives way to a sudden jump in resistance when the sample reaches a truely demagnetized state at H = H c . We attribute this effect to enhanced domain wall scattering of charge carriers which presumably also leads to the observed superlinear dependence of R on the increasing |H| branch till the saturation field H s is reached. For H > H s , the resistance rises in a sublinear fashion. In the other bilayer, where CoPt is at the bottom, the hysteresis in the resistivity is much more pronounced. 
where J 0 and β are used as fitting parameters. In the Ginzburg-Landau (GL) mean-field description of J c , the prefactor J 0 is a measure of the depairing current and the exponent β is 3/2 28 . For a highly granular system where superconducting grains are separated by insulating material, the Ambegaokar-Baratoff model can be used to describe the J c (T) data 28 . Here J 0 is related to superconducting gap parameter and the exponent β ≈ 1 at low temperatures. The data shown in Fig. 6 
